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PROCESS FOR THE SOLUTION MINING OF - 
SUBTERRANEAN SODIUM BICARBONATE. 

BEARING ORE BODIES 
Solution mining of “in situ” mineral formations is an 

old technique that has been successfully used for many 
years. The recovery of halite from salt domes and sulfur 
from bore holes by the Frasch process provide some of 
the best examples of the technique. Some success has 
even been achieved in the solution mining of potassium 
chloride. Despite these successes with other minerals, 
the prior art attempts at recovering sodium carbonate 
by solution mining of subterranean formations contain 
ing substantial quantities of sodium bicarbonate have 
proven uneconomical due to the low yields. I 
Subterranean sodium carbonate deposits‘ vary in 

composition from one location to another as might be 
expected, however, the major commercially develop 
able deposits generally have one of three basic compo 
sitions. The ?rst of these is the mineral “nahcolite” 
which is almost pure sodium bicarbonate in itsnatural 
state. Of the three, nahcolite is the least soluble in 
water. 
The second of the naturally-occuring sodium bicar 

bonate minerals in terms of its water solubility is known 
as “Wegscheiderite”. This substance contains 29.6% 
NaaCO3 and 70.4% INal-ICO3 by weight in the form of 
three molecules of NaHCOa for each molecule of Naz. 
CO3 as follows: Na2CO3.3NaHCO_-, 
The last of the three, and probably the most impor 

tant from a commercial standpoint here in the United 
States at least due to the tremendous deposits in the 
State of Wyoming, is the naturally-occurring mineral 
called “trona” which is a sodium carbonate - sodium 
bicarbonate double salt having the formula Na2CO3. 
NaHCO3.2H2O. It contains 46.9% Na2'CO3, 37.2% 
NaI-lCO:i and 15.9% H2O. While trona is more soluble 
than the other two in water at room temperature, it is 
still of relatively low solubility when compared with 
other naturally-occurring minerals mined “in situ” with 
solution mining techniques. 
Unfortunately, the problem is not merely one of low 

solubility. Instead, it is one of severe solubility suppres 
sion resulting, at least in part, from a clogging of the 
dissolving face by sodium bicarbonate. The FMC Cor 
poration has pioneered previous attempts at the solu 
tion mining of trona in the Wyoming ?eld near Green 
River with little success and the basic problem it en 
countered has been delineated in the statement made 
by one of its engineers, Eric Rau by name, which is 
quoted below and which appeared at page '464 in 
KIRK-OTHMER; Encyclopedia of Chemical Technol 
ogy, 2nd Vol., 1968: 
“Solution mining of the trona deposits has also been 
proposed. The process is not as simple as is the case 
with solution-mining of halite because of the com 
plex solubility relationships in the system contain 
ing sodium sesquicarbonate and sodium bicarbon 
ate. The latter tends to precipitate from dissolved 
trona and clog the dissolving face.” (emphasis 
added) 

It can be shown that the aforementioned problem 
arises because when trona, for example, is dissolved in 
water, both the sodium bicarbonate and the sodium 
carbonate fractions begin going into solution at the 
same time until the solution reaches saturation with 
respect to sodium bicarbonate. Unfortunately, the re 
sulting liquid phase-solid phase system existing at this 
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point is not in equilibrium and the sodium carbonate 
continues to dissolve while the bicarbonate starts pre 
cipitating out until an eventual equilibrium condition 
is, in fact, reached wherein a substantial portion of 
bicarbonate has come back out of solution and a good 
deal more of the carbonate has gone into solution. 
Wegscheiderite behaves in much the same way as trona 
in that they both go into solution in accordance with 
their respective solid percentage compositions of so 
dium bicarbonate and sodium carbonate, however, 
more sodium carbonate wants to go into solution and, 
because of this, it causes part of the sodium bicarbon 
ate to precipitate back out. The resulting equilibrium 
condition is one in which substantially more sodium 
carbonate and a good deal less sodium bicarbonate 
exists in the solution phase than was present in the 
original solid phase mineral composition. It is this phe 
nomena of the unstable nature of both trona and weg 
scheiderite in solution in the presence of the solid 
phase minerals that is responsible for the clogging 
problem. More speci?cally, the sodium bicarbonate 
that precipitates out does so upon the surrounding 
formation thus producing a barrier that inhibits the 
solvent action of the water upon the more soluble so 
dium carbonate trapped and sealed therebehind. The 
net result of this phenomenon is to progressively 
change the effective composition of the formation 
upon which the solvent acts until it appears to be made 
up of sodium bicarbonate alone. In other words, as 
more and more of the sodium bicarbonate precipitates 
out, it seals off the interstices through which the solvent 
can gain access to the sodium carbonate in the forma 
tion thereby permitting the solvent to act upon succes 
sively smaller amounts of sodium carbonate until about 
all the solvent can reach is the barrier itself. As previ 
ously stated, both of the naturally-occurring sodium 
bicarbonate-bearing minerals that include sodium car 
bonate, namely, Wegscheiderite and trona, behave in 
the same way with nahcolite being the only exception 
due to the fact that it is essentially free'of carbonate. 

It has now been found in accordance with the teach 
ing of the instant invention that these and other dif? 
culties associated with the prior art attempts to solution 
mine naturally-occurring sodium bicarbonate deposits 
can be eliminated by the simple, yet unobvious, expedi 
ent of ?rst converting a minimum amount of the so 
dium bicarbonate to sodium carbonate. This is conve 
niently accomplished by means of an aqueous sodium 
hydroxide solvent. It, is of equal importance‘ to adjust 
the sodium hydroxide concentration to the solvent 
temperature in order to prevent the precipitation of 
sodium bicarbonate. While the basic problem of nahco 
lite precipitation from the double salts can be elimi 
nated by addition of a minimum amount of sodium 
hydroxide, only a comparatively small amount of ore 
will be dissolved which, of course, may be uneconomi 
cal. Accordingly, by adding more sodium hydroxide a 
higher yield of dissolved solids can be realized. On the 
other hand, the sodium hydroxide content of the sol 
vent must not exceed a certain concentration to 
achieve the maximum yield at any given temperature. 
This maximum yield is obtained by adding the stoichio 
metrical amount of NaOH which is required to convert 
all of the sodium bicarbonate which can go into solu 
tion into sodium carbonate. Exceeding this maximum 
means that unreacted NaOH is left in solution which 
will inhibit the solubility of the sodium minerals or of 
sodium carbonate derived from them. ' 
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From an economical standpoint, the process is ad 
vantageous in that the caustic soda (NaOl-l) used in the 
reaction can frequently be manufactured at or near the 
site of the mine from sodium chloride which is often 

FIG. 2 is a temperature-solubility curve for soda ash 
solutions; ' r _ 

FIG.'3 is agraph like that ‘of FIG. 1 to which has been 
added lines representing the dissolving paths of trona in 

present with these same bicarbonate minerals. To do so 5 aqueous sodium hydroxide solutions containing various 
depends upon the availability of inexpensive electric concentrations of sodium hydroxide; 
power because NaCl is converted to NaOI-I by electrol- FIG. 4 is a: graph like that of FIG. 3 except that the 
ysis in accordance with the well-known process. added dissolving path lines are those of wegscheiderite 
Alternatively, the NaOI-I can be produced by the in various aqueous sodium hydroxide solutions rather 

causti?cation of soda ash with hydrated lime. If the 10 than trona; 
latter process is used, both the lime and soda ash can be FIG. 5 is a graph like those of FIGS. 3 and 4 except 
recycled. In any event, regardless of the process used to that the added dissolving path lines are those of nahco 
make the caustic soda, the economics of the process lite rather than trona and wegscheiderite; and, 
are most attractive. FIG. 6' is a graph showing the net yield of sodium 
There remain, of course, the obvious advantages" 15 carbonate at 40°C. from the three sodium-bicarbonate 

inherent in any solution mining process, namely, such bearing minerals at various aqueous sodium hydroxide 
things as no overburden to remove and replace, mini- solvent concentrations. ' 
mal environmental impact, and the simplest of plant A proper understanding of the‘present invention can 
facilities, at last insofar as the basic extraction process best be had by ?rst exploring the solubility characteris 
is concerned. Of course, subsequent treatment of the 20 tics of sodium carbonate, sodium bicarbonate and the 
recovered soda ash may call for a good sized plant as‘ naturally-occurring minerals containing the latter. Pure 
well as facilities to produce the caustic and, perhaps, sodium bicarbonate has a relatively‘ low solubility in 
recycle the hydrated lime if such is used, however, water although it increases slightly with increases in 
facilities for this purpose are auxiliary to those for ex- temperature as evidenced by the following data: 
tracting the sodium carbonate. 25 TABLE 1 

It is, therefore, the principal object of the present 
invention to provide a novel and improved solution iqromgilcg-alin 50m. 62 7"? 832 931(3) ‘1*? 4 
mining process for recovering sodium carbonate from ~ 
subterranean formations containing sodium bicarbon 
ate‘ . . . . . . 30 PurenahcolitewilL'for instance, produce a saturated 

A Second Ob-lectwe of the liwemlon is i0 provliie a solution at 35°C. containing, 10.3% by‘weight of NaH 
process of the type aforementioned wherein the yields CO3 or 1 15 g_ Na?coa per 100 g. H2O This quantity 
fig-nil‘0:536gzszxlzggggrig?ggzzg through conven' of NaHCOa can be shown equivalent to 7.2 g. Na2CO3 
Another object of the within described invention is 35 m accordance Wlth the followmg equatlon' 

the provision of a soda ash extraction process that 2 NaHCO5+ A_a Na2CO3+COZT+H2O 
eliminates the solubility inhibiting effect of the precipi- Y 1 ' 
‘rated SOdiUm bicarbonate- Now, in contrast to nahcolite‘, pure sodav ash has a 

Still another objectjive is to provide a process for the much improved water solubility as shown in the table 
“in situ” extraction of soda ash found in mineral forma- 40 which follows; ‘ 

TABLE 2 ’ 

Temp.[0°] ' 0 10 20 30 35 50 70 
%NazCO3 in soln. 6.7 10.8 18 2s 33 32.2 31.4 

tions containing substantial amounts of sodium bicar 
bonate wherein the latter is partly or completely con_ 
verted to sodium carbonate in a warm aqueous solution 
prior to its removal from the ground. 
An additional objective is the provision of a solvent 

extraction process for mining sodium bicarbonate de 
posits that requires only minimal plant facilities and 
sometimes can make use of the sodium chloride often 
found in the same formation as a source of sodium ion 
for electrolytic production of the sodium hydoxide.‘ 
Further objects are to provide a process for solution 

mining of sodium bicarbonate mineral beds which is 
simple, versatile, inexpensive, efficient, safe and causes 
little damage to the environment. 
Other objects will be in part apparent and in part 

pointed out speci?cally hereinafter in connection with 
the description of the drawings that follows, and in 
which: 
FIG. 1 is a graph delineating the percentage composi 

tion of both sodium carbonate and sodium bicarbonate 
in solution of nahcolite, wegscheiderite and trona at 
various temperatures; 
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The solubility increases rapidly up to 35°C. ‘reaching 
a maximum at the latter temperature before starting to 
fall off slightly. A saturated solution at 35°C. contains 
33% Na2CO3 by weight or 49.2: g. Na2CO3 per 100 g. 
H2O. As previously noted, only 1 1.5 g. of NaI-ICOs goes 
into solution at 35°C. and, when we reduce this to its 
equivalent in Na2CO3 (7.2 g.) it becomes apparent that 
nearly seven times as much Na2CO3 goes into solution 
at 35°C. than NaHCO3. 
Next, reference will be made to FIG. 1 of the drawing 

for an explanation of the somewhat complex solubility 
of the Na2CO3 —- NaI-ICOs —- H2O system because, 
with the exception of pure nahcolite deposits, the sub 
terranean formations to which the present invention 
relates all contain‘ such a mixture. Pure soda ash is 
shown along the abscissa to reach saturation at 30°C. 
with 28% Na-2CO3 by weight in solution. Pure nahcolite 
will be found on the ordinate at point A’” to reach 
saturation at the same temperature containing only 
9.8% NaHCO3 by weight. These data correspond to 
that found in TABLES l and 2.. 
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FIG. 1 also reveals the dissolving paths of the natural 

ly-occurring double salts of sodium carbonate and so 
‘dium bicarbonate, namely, wegscheiderite and trona 
which, as previously mentioned, have the formulations 
NaZCO3 . 3NaI-ICO3 and'Na2CO3 . Nal-lCOs . 2H2O, 
respectively. The slope of the wegscheiderite and trona 
dissolving path lines corresponding to their respective 
gram molecular weights in the solution mixture. More 
speci?cally, the slope of the wegscheiderite dissolving 
path line is determined by the ratio of Na2CO3 to 
3Na1-ICO3 or 106 to _252; whereas, that~ of trona is 106 
to 84, there being only one molecule of NaI-ICOS for 
each molecule of NazCOa' instead of three. . . 
Now, following the dissolving path of the line'labele 

“TRONA” in FIG. 1, it can be seen that at point A’ a 
saturated condition is reached at 30°C. ‘wherein the 
solution contains about 8.4% NazCOa and about 6.7% 
NaI-ICO3. However, nahcolite and not trona, is the 
stable solid phase between points A and A'” of the 
isotherm. Trona will therefore be decomposed and the 
solution composition changes following the downslope 
of the 30°C. curve until equilibrium is ?nally reached at 
point A with nahcolite and trona in solid phase and 
where the solution has a make-up of about 17.3% Naz. 
CO;, and only about 4.6% NaHCO3. A quantitative 
calculation indicates that 21.8 g. of trona. per 100 g. of 
added water will have dissolved at point A’. At the 
equilibrium point A, the total amount of dissolved and 
decomposed trona is 50.7 g. in 100g. of water, but as 
much as 12.4 g. of NaI-ICO3; will have precipitated to 
coat the surrounding formation and seriously inhibit 
further dissolution of the .Na2CO3. In other;words, as 
additional solvent enters the cavity, it encounters a 
constantly changing mineral composition that appears. 
at least to be getting richer in bicarbonate and leanerin' 
carbonate due to the sealing off of the latter behind the 
sodium bicarbonate precipitate barrienEventually, the 
solvent will encounter a cavity lined with a virtually 
impenetrable barrier of sodium bicarbonate. 
As evidenced by FIG. 1, this same phenomenon takes 

place at other temperatures than ‘30°C. in much-the: 
same way. Furthermore, both ,of the naturally-occur 
ring minerals containing mixtures of sodium carbonate 
and sodium bicarbonate behave in a similar manner 
and each ends up at equilibrium having the-same?com 
position although their dissolving paths are entirely 
‘different. Nahcolite, of courseyis the exception in that, 
for all practical purposes, it contains no sodium car 
bonate at all. . .. . 

When nahcolite is dissolved in water it yields a satu 
rated solution at 30°C. containing 9.8% NaHCOa by 
weight which, in the manner of the previous calcula4 
tion, amounts to an equivalent of only 6.2% Na2CO3. 
At 30°C., a saturated solution of wegscheiderite prior 
to reaching equilibrium would contain about 8.3% 
NaHCOa and only about 3.5% Na2CO3. Trona is only 
slightly better in that the saturated solution at 30°C. 
prior to reaching equilibrium contains approximately 
6.7% NaHCO3 by weight and some 8.4%-N212CO3. The 
total percent of dissolved solids on an Na2CO3 equiva-' 
lent basis after both the trona and wegscheiderite reach 
equilibrium is the same, namely, about 20% total dis 
solved solids. - ‘ > ‘ 

A series of ‘laboratory scale solubility studies carried 
outon Wyoming trona indicated that a ‘weight‘loss of 
somewhere between 18.5 and 20.6 g. occurred ‘in 100 
g. of water at room temperature over a period of 12 to 
15 hours. Theoretical calculations indicate that some 
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where around 19 g. of trona should be present in the 
solution‘. saturated with sodium bicarbonate, at the 
point where the trona dissolving path intersects the 20° 
isotherm (see FIG. 1). These test results, therefore, 
agree fairly well with the theoretical value. 
Another series of solubility studies was made to de 

termine whether the equilibrium condition could be 
achieved by providing more time. The trona samples 
were repeatedly immersed in fresh water at room tem 
perature for 50 hours at a‘time and the resulting solu 
tions were subsequently analyzed. According to FIG. 1, 
a solution composition‘ of l7,4%-Na2CO3 and 4.15% 
NaHCOa (equivalent to 20% Naz'COg) exists at point B 
where the solution is in equilibrium with nahcolite and 

' natron at 20°C. 

The analytical results show that the solution concen 
tration decreased in the course of the experiments from 
about 17% Na2CO3-equivalent to eventually 11% Na2. 
.Coa-equivalent. This indicates'quite clearly that- the 
increase in time does not correspond with an increase 
in solution concentration, at least not in the long run. It 
was suspected that the increasingly'lower solutioncon 
cen'tration was caused I‘ by the presence of'nahcolite 
which precipitated‘ from ‘tron'aQ-In accordance with the 
teaching of the instant invention;- it was-unexpectedly 
discovered thata material increase in the'solubility of 
those naturally-‘occurring minerals containing a sub 
stantial proportion“ of sodium bicarbonate including 
nahcolite itself could/be achieved by the simple, yet 
unobvious, expedient of removing the Nat-[C0, in solu 
tion- by ?rst converting-\same'to N'a2CO3. Caustic soda 
in aqueous solution proved to provide the best answer 
to the trona solubility‘problem in accordance withthe‘ 
following equation: ‘ I 

I ’ EQUATION '1 ' 

Veri?cation ofthe suspected greatly» improved solubil-~ 
ity occurred when athird series of solubility tests were 
performed upon trona .usingan ‘aqueous sodiumhyr 
droxide solution as the solvent instead of ‘water alone. 
In'most'of the lal'ioratoryvtestsv the, samples ‘were pre-,‘ 
pared by taking a large piece of coarse crystalline Wyo 
ming trona ore, cutting a piece off with a hacksaw and 
drilling a small hole through the center for a suspension 
wire. The solvent, consisting of 200 g. of water alone or 
with varying amounts of sodium hydroxide, was placed 
in a glass jar. The sample was then suspended from a 
wire by the hole in the middle and immersed in the 
solvent so as to remain out of contact with the sides and 
bottom of the jar, the top of which was covered with a 
lid. All weighings were carried out on a triple beam 
balance accurate to 0.1 g. 
Now, mention has already been made of the first 

group of comparison solubility tests in which between 
18.5 and 20.6 g. of trona per 100 g. H2Odisso1ved in 
the aqueous solution in approximately fifteen hours.- at 
room temperature. The third series of tests is outlined 
below using an aqueous sodium hydroxide solvent 
under the same test:conditions: - 7 

mm ‘ ' 

[90.8 g. trona in 200 g. H,O +8.6 g. NaOH at 20°C. 
Time [hours] . 0 l 9 
Wt. of Sample lg] 143 \» 190.8 162.6 
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' l -continued 

Equivalent to'_23.9 g. trona/100 g. H2O + 4.3 g. NaOH at 20°C. 

5 

53.2 50.3 

NaOH at 35°C. resulted in] 14 g. trona going into 
solution in 1/2 hour 
The results from Test 4 compare quite favorably with 

the theoretical saturated condition at 25°C. of 33.9 g. 
trona per 100 g. of added water. Test 5 is only slightly 

7 8 9 
48. 3 46.9 45 .8 

10 
44.9 a 

. TEST 2 

v ‘ 101.6 g. trona in 200 g. H2O + 12.0 g. NaOH at 25°C. 

Time [hours] 0 l 2 3 4 5 
Wt. of Sample [g] l0l.6 80.5 70 62 57 

While the solution did not reach saturation after 10 
hours, an equivalent of 28.4 g. trona/100 g. H2O + 6 g. 
NaOH dissolved at 25°C. Saturation occurs at 33.9 g. 
trona/100 g. H2O + 6 g. NaOl-l. 

less favorable with an actual solubility at 30°C. of 44 g. 
trona per 100 g. of water added instead of 46.1 g. The 
remaining test of the series, Test 6 at 35°C., also gave 
excellent results in that some 57 g. of trona dissolved in 

15 100 g. of added water instead of the 60.0 g. that would 
TEST 3 have gone into solution had it ended up saturated. All 

' 196.5 g. trona in 200 g. H2O + 20 g. NaOH at 50°C. 
Time [hours] 0 l 2 3 4 
Wt. of Sample [g] ' 196.5 135 115.6 107.5 102.6 

Once again’ this solution di‘l not reach Saturation of this series of tests resulted in a near saturated condi 
after 4 hours’ however’ an eq‘gvalent of 46-95 g‘ “0' tion and it becomes apparent that agitation and fractur 
na/lOO g. NaOH-dlssoled at 50 C. Saturation occurs at 25 ing the subterranean formation shotilcl materially te_ 
57.6-g. trona/100 g. HzOrl- 10.2 g. NaOH- duce the time it takes for the solvent action to ap 
Tests 1 and 2 Performed at {00m temperature P!aced proach a saturated condition. Furthermore, this series 

23'9 g' and ,28'4 g; of trona m solutlont respecnvelyt of tests shows the large amount of trona which will 
compare?‘ wlth 3' h‘gh of only 20-6 g- m the Pure aque' dissolve in the presence 'of a substantial amount of 
ous solutlon even after ?fteen hours had elapsed-A ?ve Naoli already in the solvent Moreover’ the trona dis_ 
degree rise in‘ temperature coupled with a substantial 30 selves without precipitating any nahcolite 
increasein sodium hydroxide concentration explains In the fourth series of tests the amount of NaOH in 
the better Yleld 1" T?“ 2 when comparéd “"1 T98} 1 the solvent had been such that all the Nal-lCOa which 
although the bene?cial effect of the sodium hydroxlde can go into solution was converted into Na?co3 in 
in inhibiting the formation of the sodium bicarbonate accordance with Equation l_ if the Naol__i_cencentra_ 
Preclpltate ‘5 apparent 1“ both Comparms these wlth 35 tion of the solvent is lowered, a smaller amount of 
test 3, on the other hand, shows the considerable 1n- Nazco3 will form and the saturated solution will con_ 
Crease 1" Y‘eld occasslfmed by the hlghel' temperature’ tain sodium bicarbonate also. Since it is to be expected 
even though the duration of the test was only 4 hours. that Only a certain amount of Nalqcoa can exist in 

The_ fourth Senes of tests dlffered from the pteceqmg solution when trona is present, another series of tests 
ones in that the trona was crushed before placing it in 40 was carried out to determine just how much sodium 
the jar with the ‘aqueous sodium hydroxide solvent. The bicarbonate is permissible 
jar was then placed in a water bath for a half hour and The ?fth test Sel.ies was run at 30°C over a period of 
agltate? perwdlcally to acqelérate “)9 Solvent acuon- 31 hours and involved treating solid pieces of trona. 
Following the test, the remalnmg undissolved trona was Note that the solvent contained sodium carbonate in_ 
separated from the brine by normal ?ltration methods. 45 stead of sodium hydroxide The sodium carbonate cen_ 

‘ TEST 4 centration is equiyalent to the sodium hydroxide per 
centage ?gure which is shown for each test. 

TEST 7 TEST 8 TEsT 9 TEST 10 TEsT 11 

g. solvent 99.5 99.6 99.1 89.8 99.2 
%Na,CO3 in 
solvent 6 9 l2 l5 18 
= %NaOH 1.2 1.9 2.6 3.4 4.2 
trona weight 
loss [g] 19.7 20 15.9 13.7 10.2 

90.2 g. trona in 200 g. H2O + 12.0 g. 
NaOH at 25°C resulted in 67.7 g. trona going into , Upon termination of the testsit was observed that a 

solution in 1/2 hour 60 layer of nahcolite, several millimeters thick, had 

_ ‘ TEST 5 

100.0 g. trona in 200 g. H2O + 16.4 g. 
NaOH at 30°C. resulted in 88.1 g. trona going into 

6 solution in 1/2 hour 

TEST 6 

140 g. trona in 200 g. H2O + 21.2 g. 

formed on the surface of the trona samples in Tests 7 
and 8. A thin ?lm of nahcolite covered the trona sam 
ple in Test 9 while the ‘trona specimens in Tests 10 and 
ll did not produce any nahcolite at all. These results 

5 indicate that the concentration of 2.6% NaOH-equiva 
lent in Test 9 is fairly close to the least possible NaOH 
concentration which will prevent the precipitation of 
nahcolite from trona. 
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Next, with reference to FIG. 3 of the drawings, a 
comparison of these ?ndings with the data shown 
‘graphically therein indicates that slightly less than 3% 
NaOl-l must be present in the solvent so that the dis 
solving path will ?rst follow the abscissa and then move ‘5 
upwards to reach the solution-nahcolite-trona equilib 
rium point (point A in FIG. 1) at 30°C. A calculation 
shows the proper concentration to be 2.87% NaOH at 
30°C. From the foregoing series of trona tests it be 
comes apparent that: 10 

1. The solubility of trona is severly restricted when 
the solvent is pure water. 

2. The solubility can be improved by adding as a 
minimum at least that small amount of NaOH to 
the solvent which is adequate to convert enough of 15 
the Nal-lCOa into Na2CO3 to prevent the precipita 
tion of any appreciable quantity of nahcolite. 

3. The maximum solubility, on the other hand, is 
achieved by adding a relatively large amount of 
NaOH, this being the amount that is necessary to 20 
convert into Na2CO3 all of the Nal-lCOs which can 
go into solution. . 

The following equations represent the reactions tak 
ing place when the remaining two sodium bicarbonate 
bearing minerals are dissolved in an aqueous sodium 25 
hydroxide solution, the equation for trona having previ 
ously been given in EQUATION 1: 

EQUATION 2 

wegscheiderite: 3NaHCO:I . Na,COa + 3NaOH=4Na,COa + 31120 
358 120 424 54 

EQUATION 3 35 

Nahcolite: NaHCO, + NaOH=Na,CO;, + 14,0 
84 40 106 18 

10 
It has already been mentioned that nahcolite precipi 

tation from trona can be prevented by adding a speci?c 
minimum amount of NaOH to the water. The same 
applies to wegscheiderite also, except that more NaOH 
is required. The speci?c amounts are shown in the 
following tables: 

TABLE 3 
Minimum NaOH solvent concentration for trona 

Temp. g. NaOH/100 g. H2O % NaOH % NazCoa equivalent 
of saturated solution 

15°C. 1.9 i 1.86 16 
20°C. 3.1 3.0 20 
30°C. 2.96 ‘2.87 20.2 
40°C. 2.6 ‘2.53 20.3 
50°C. 2.26 2.21 20.9 
60°C. 1.99 1.95 21.5 
70°C. 1.71 1.68 22.2 
80°C. 1.32 1.3 23.1 

TABLE 4 

Minimum NaOH solvent'concentration for wegscheiderite 
Temp. g. NaOH/100 g. H2O % NaOH % Na2CO3 equivalent 

, of saturated solution 

15°C. 4.01 3.97 16 
20°C. 5.8 ‘5 48 2O 
30°C. 5.71 v‘5.4 20.2 
40°C. 5.45 5.17 20.3 
50°C. 5.32 5.05 20.9 
60°C. 5.23 4.97 21.5 
70°C. 5.19 4.93 22.2 
80°C. 5.1 4.85 ‘23.1 

By converting all of the dissolved sodium bicarbonate 
from an ore body to sodium carbonate, the data relat 
ing to the latter in aqueous solution then becomes the 

40 system by which we can evaluate the potential maxi 
mum yield of a deposit. Data for such a system is found 
in the following tables: 

, TABLE 5 g 

Saturated NagCoa solutions from trona calculated per 100 g. H2O added 

Temp. g.trona + g.NaOH = g.Na2CO3 + g.H2O %Na2CO3 soln. > 

15°C. 18.1 3.2 17.0 4.4 14.0 
20°C. 24.7 4.4 23.2 ihl 5.9 18.0 
25°C. 33.9 6.0 31.8 8.1 22.7 
30°C. 46.1 8.2 43.2 ' 11.0 28.0 

35°C. 60.0 10.6 56.3 14.3 33.0 
40°C. 59 10.5 55.4 14.0 32.7 
50°C. 57.6 10.2 54.0 13.7 32.2 

TABLE 6 

Saturated NazCOa solutions from wegscheiderite calculated per 100 g. H20 added 

Temp. lg.wegscheiderite + g.NaOH = g.Na,CO;, + g.H2O %Na2C03 soln. 

15°C. 14.0 4.7 16.6 2.1 14.0 
20°C. 19.1 6.4 22.6 2.9 18.0 
25°C. 25.8 8.6 30.5 3.9 22.7 
30°C. 34.4 11.5 40.8 5.2 28.0 
35°C. 44.4 14.9 52.6 6.7 33.0 
40°C. 43.8 14.7 51.9 6.7 32.7 
50°C. 42.6 14.3 50.5 6.4 32.2 
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_ TABLE 7 3 _ v I, ,. 

Saturated NazCOgl solutions from nahcolite calculated per‘ 100 g. H5O adi‘le . ‘ 

Temp. g.nahcolite + g.NaOH = g.Na2C_04, I U-l- 2.11.0 I soln; I \ 15°C. 13.3 6.3 16.8 v2.9 : 14.0.- " . ~ 11.3: 

20°C. 18.] 8.6 22.8 3.9 -‘1s.0_-. " 
25°C. 24.5 11.7 30.9 _ ‘ 5.4 - 5 ‘22.7 ; r ' 

30°C. 33.0 15.7 41.7 7.1 _x“ 28.0 v \ , __ . V , 

35°C. 42.6 20.3 53.7. . 9.1 33.0" 4 ‘ ‘ ‘ “ ’ 

40°C. 41.9 20.0 53.0 9.0 32.7 
50°C. 41.0 19.5 51.7 8.8 32.2 .: 1‘ ~ 

, ‘.~ ._._-t¢_ l5 5 1 . v‘ 1,‘ 121 1"". 7w . ' 

The values from the last column in each of the‘ TA- 13353 g. ‘ahcolite’ in" 200 g. H2O + 40i6=gJNaOH at 
'BLES 5, 6 and 7 are, of course, identical as they should 
be and they have been represented graphically in the 
solubility curve of FIG. 2. This ?gure provides graphic 
emphasis of the greatly increased solubility as the tem 
perature goes up to 35°C. before‘ it begins to fall off 
once again,‘ but much less rapidly. These tables also 
reveal the need for differing quantities of sodium hy 
droxide depending upon the particular mineral being 
treated and also its temperature. The maximum theo 
retical quantity of sodium hydroxide needed is, (of 
course, that stoichiometrical amount necessary to'con 
vert all of the sodium bicarbonate present in the ‘solu 
tion to sodium carbonate. Also, it. might. .be wiseto 
operate just below a saturated condition due to the 
salting out that would result if the temperature of the 
brine were to drop below that anticipated while bring 
ing it to the surface. Another reason for operating 
under unsaturated conditions is because of the greatly 
decreased ef?ciency of the reaction as it nears comple 
tion together with the overly long reaction time; how 
ever, one could approach complete conversion under ,a 
given set of ‘conditions, i.e., ?ow rate, etc., by increas 
ing the NaOH concentration in the solvent until some 
reappeared ,at the surface unreacted in the brine. _’ 
The minimum and maximumyyields which can be 

realized from sodium bicarbonate bearing ore bodies 
by addition of NaOH has already been given in Tables 
3 through 7. There is, of course, no caustic soda_m'i_ni_-’ 
mum requirement when the deposit consists of nahco; 
lite only. From an economic point of view‘it may be 
advantageous to choose operating conditions which 
exist somewhere in the broad area between the mini 
mum-maximum boundaries. It is important, for in 
stance, to consider the cost of producing the caustic 
soda on the one hand and the cost of evaporating ‘water 
on the other. 

20 

25 

30 

35 

35°C. resulted in‘ 7313"‘g. nahcolite'go'inginto solution 
withperiodic agitation over‘ a fifty ‘minute period. 
~ This amiount'ofrs’odium' hydroxide: should, theoreti 
cally; convert 852g. of the nahcolite 'to-sodiurn bicar 
bonate which-would then go into solution."The'yield, 
therefore, was 86% which is acceptable althoughv not 
nearly as good as was realized with" the trona. The rela 
tively"poor'e'r‘ ‘results ‘can, in all>'?p'r'obability',-'-bei‘ ac 
counted for by the‘ character of the naturally-‘occurring 
formation which, in» addition to"‘?the'mahcolitewcom 
tained a great deal-of organic matte'rfso'imuc‘h-infact 
that the resulting solution .was dark brown to almost 
black in color. ' " i ' 

The following test was run on a small sample 
scheideri‘te ‘from a formation-“in-Utahw ' 

TEST 13 

18.2 g. of wegscheiderite in 30 g. H2O + 4.5 g. NaOH 
at 35°C. yielded a residue‘ (if-614g. following periodic 
agitation for thirty minutes. 

Theoretically,._l3.3:.;g.,,of wegscheiderite should have 
gone into solution and ‘the 11.8 'g. that did represent a 
yield of 89% which is quite satisfactory. 
Next, with brief reference once again to the graphs 

forming the subject matter of FIGS. 2, 3, 4 and 5, it is 
obvious that the solubility of each of the three natural 
ly-occurring sodium bicarbonate-bearing minerals is 

of weg 

" \ substantially increased by converting some or all of the 
45 

50 

FIGS. 3, 4 and 5 have been prepared for determining" ~ ~ 
the dissolved solid concentration of solutions from 
trona, wegscheiderite and nahcolite as a function of the 
NaOH solvent concentration at different temperatures. 
For instance, if trona is treated with a solvent contain 
ing 5% NaOH and reaching saturation at 50°C., the _ 
solution concentration will be 22.8% Na2CO3 and 

-60 3.05% NaHCO3. This is equivalent to 24.7% Na2CO3. It 
can also be seen in FIG. 3 that a 2% NaOH solvent will 
produce a nahcolite precipitate at temperatures below 
60°C., but not at 60° or above. 
The sixth series of tests were made under the same 

testing conditions as the fourth series except that natu 
rally-occurring nahcolite from a shale deposit contain- ,. 
ing same in Colorado was used in one test and natural~ 
ly-occurring wegscheiderite in another. 

55 

65 

“sodium bicarbonate in the solution to sodium carbon 
vate through. the addition of sodium hydroxide to the 
solvent. It is also apparent that the solubility character 
istics of all three minerals in an aqueous sodium hy 
droxide solution is substantially increased when the 
temperature is raised. The only exception to this rule 
exists when the maximum amount of NaOH is used 
_which is, shown in Tables 5, 6 and 7. These solutions 
reach a solubility maximum at 35°C. and raising the 
temperature above 35°C. results in some loss in solubil 
ity. This loss, however, is quite insigni?cant when one 
considers that the dissolving process is tremendously 
accelerated at higher temperatures. 
Under actual mine?eld operating conditions one is 

_ freeto choose a'suitable and economic operating tem 
‘perature as "well as a practical NaOl-l solvent concen 
tration within'the indicated boundaries. However, it is 
mandatory thatj’precipitation be prevented while the 
brine is pumped to the surface. This can be done by 
taking measures which eliminate a temperature drop in 
the‘ production: well. Another possibility is the dilution 
of I'brine with fresh water at the bottom of the with 
drawal pipe. ln'a different way yet, the problem can be 
solved by producing a slightly undersaturated solution. 
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A question of importance to the solution miner is the 
problem of the heat balance. The solvent is injected 
‘into the cavity at a certain temperature and may leave 
the cavity at the same temperature. It is more likely 
though that the temperature of the exiting solution is 
either higher or lower. This depends upon depth, geo 
thermal gradient, heat ?ow to or from the adjacent 
ground and upon the mineral which is being dissolved. 
Trona for instance will go into solution endothermi 
cally in pure water. 
Contrary to what was expected, tests revealed that 

the dissolution of sodium bicarbonate-bearing minerals 
in an aqueous sodium hydroxide solution was exother 
mic rather than endothermic. While the dissolution of 
sodium hydroxide in water was known to be highly 
exothermic, once such dissolution was complete, the 
remaining step of dissolving the sodium bicarbonate 
bearing ore in the aqueous sodium hydroxide solution 
thus formed was expected to be endothermic. 

14 
Much has already been said concerning the desirabil 

ity of closely matching the maximum amount of avail 
able sodium hydroxide in the solvent to the amount of 
sodium bicarbonate in the solution. Further evidence 
of the need for careful control in this area becomes 
apparent when one examines the results of TEST 15 
reported below: 

TEST 15 

The solvent was prepared by ?rst dissolving sodium 
hydroxide in 100 g. of water. The sodium hydroxide 
was added in amounts having a known percentage of 
the stoichiometrical amount (10.6 g.) necessary to 
convert all the sodium carbonate present in solution to 
sodium carbonate. An excess quantity of coarsely 
ground trona was then placed in the solvent maintained 
at 35°C. Each sample was thoroughly agitated during 
the test period of 15 minutes. The results are shown in 
the following table: 

Trona in 100 g. H20 + (x) g. NaOH at 35°C. 

g. NaOH/lOO g. H2O 
g. trona in soln. 

0 2.1 5.3 8.5 9.5 
33 33 38 49 53 

10.6 
57 

11.1 
54 

12.7 
51 

TEST 14 

10.6 g. NaOl-l was dissolved in 100 g. H20 and allowed 
to cool to 70°F; whereupon, 50 g. of crushed trona was 
added and stirred for 2 minutes. The temperature of 
the solution was found to be 77°F. 
The results of the above dissolution test clearly dem 

onstrate the exothermic reaction that takes place when 
the sodium bicarbonate-bearing ores are dissolved in 
an aqueous sodium hydroxide solution. This means, of 
couse, that a most advantageous, yet completely unex 
pected, bene?t has accrued over solution mining of 
these same minerals with water alone as the solvent. 
The exothermic reaction that results generates heat 
and this is of importance in maximizing the yield. 
Here again, several factors must be taken into consid 

eration. First of all, the simple dissolution of the sodium 
hydroxide in water is exothermic and may well be suffi 
cient all by itself to supply the needed heat for pre 
warrning the solvent; especially in a concentrated solu 
tion. Secondly, some of these subterranean formations 
are deep enough underground (3000 ft. or so) that they 
are already quite warm. Next, the exothermic reaction 
between the caustic soda and sodium bicarbonate can 
be relied upon for some additional heat. Finally, the 
duration of the reaction, the character of the formation 
and the length of time it takes to bring the brine to the 
surface will all in?uence the heat losses. Accordingly, 
adjustments in the temperature of the solvent, the con 
centration of the sodium hydroxide therein, the dura 
tion of the reaction and other controllable parameters 
will, undoubtedly, have to be monitored and changed 
from time to time in order to achieve optimum results. 
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The sample dissolving in pure water produced a sub 
stantial nahcolite precipitate. This simple experiment 
demonstrates quite clearly the potential gains of the 
caustic soda additive as well as the adverse effect that 
an excess has upon the dissolution of the sample. 

Finally with reference to FIG. 6, it can be seen that 
trona is the most desirable of all the three sodium bicar 
bonate minerals from an economic point of view. In 
order to produce a saturated solution at 40°C. contain 
ing the equivalent of 20.4% Na2CO3, the net yield per 
ton of NaOH used is 9.5 tons of soda ash from trona, 
3.6 tons from wegscheiderite and 1.85 tons from nah 
colite. 
What is claimed is: 
1. In a process for the solution mining of subterra 

nean trona deposits wherein a portion of said deposit is 
dissolved in an aqueous solution containing a sufficient 
concentration of sodium hydroxide to prevent the so 
dium bicarbonate concentration in the brine from 
reaching a saturated condition when nahcolite alone is 
in the stable solid phase, the improvement which com 
prises limiting the maximum sodium hydroxide concen 
tration to less than 3%. 

2. The improvement as set forth in claim 1 in which 
the sodium hydroxide concentration in the solvent is 
not less than approximately 1%. 

3. The improvement as set forth in claim 1 wherein 
the maximum sodium hydroxide concentration in the 
solvent is selected so as to maintain the sodium bicar 
bonate concentration in the saturated solution at be 
tween approximately 0.5 and 2%. 

=|< * * * =|< 


